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(54) Image processing system, projector and image processing method

(57) To provide an image processing system and the
like which can correct a distortion in a projected image
automatically and adequately, a projector has an area
sensor section 182 which senses a sensing region onto
which an image is projected and outputs sensing infor-
mation; a storage section which stores angle correction
data 124 in which the ratio of average luminance values
for a plurality of different regions in the projection area
is associated with derivation coordinates for deriving co-
ordinates of the projection area, and also stores coordi-

nate data 122 indicating the derivation coordinates for
the projection area; luminance-distribution analyzing
section 160 which refers to the angle correction data 124
based on the sensing information and depending on the
luminance distribution in the projection area and cor-
rects the derivation coordinates in the coordinate data
122, based on the angle correction data 124; and a dis-
tortion correction section 130 which corrects the image
signals so that the distortion in the projected image is
corrected, based on the coordinate data 122.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an image
processing system, projector and image processing
method which can correct a distortion in a projected im-
age such as keystone distortion and rotation.
[0002] Various kinds of techniques for correcting a
distortion in an image projected by a projector such as
so-called keystone distortion have been proposed.
[0003] For example, a technique for detecting an in-
clination in a projector and automatically correcting a
vertical distortion is known in the art.
[0004] However, such a technique cannot allow a user
to correct a horizontal distortion.
[0005] For such a reason, the user must use a tech-
nique of manually correcting the horizontal distortion by
operating a correction switch in a remote controller while
viewing an image to be corrected.
[0006] However, such a manual operation takes time.
In addition, it is difficult to perform an adequate correc-
tion in the manual manner.
[0007] In view of such a problem, for example, Japa-
nese Patent Laid-Open Application No. 2000-241874
proposes a system in which a projection plane is imaged
or taken by means of a camera and the opposed sides
in the projection area is compared in length with each
other to sense a distortion which is in turn corrected
based on the sensed result.
[0008] However, the camera used in this Japanese
Patent Laid-Open Application is included in the main
projector body so that the optical axis of the camera is
substantially identical with that of a lens. Thus, the pro-
jection area shown by the taken image is always of sub-
stantially rectangular shape. It is therefore difficult to
compare the length of the opposed sides in the projec-
tion area based on the taken image.

BRIEF SUMMARY OF THE INVENTION

[0009] The present invention is made in view of the
above-mentioned problem and may provide an image
processing system, projector and image processing
method which can correct a distortion in a projected im-
age adequately and automatically.
[0010] To this end, an image processing system ac-
cording to one aspect of the present invention compris-
es:

sensing means for sensing a sensing region onto
which a predetermined image is projected and for
outputting sensing information;
luminance distribution analysis means for analyzing
a luminance distribution in a projection area includ-
ed in the sensing region, based on the sensing in-
formation;
storage means for storing angle correction data in

which ratio of average luminance values for a plu-
rality of different regions in the projection area is as-
sociated with derivation coordinates for deriving co-
ordinates of the projection area, and also for storing
coordinate data indicating the derivation coordi-
nates for the projection area; and
image signal correction means for correcting image
signals based on the coordinate data so that a dis-
tortion in the projected image is corrected,

wherein the luminance distribution analysis
means refers to the angle correction data depending on
the luminance distribution in the projection area to cor-
rect the derivation coordinates in the coordinate data
based on the angle correction data.
[0011] A projector according to a further aspect of the
present invention comprises:

sensing means for sensing a sensing region onto
which a predetermined image is projected and for
outputting sensing information;
luminance distribution analysis means for analyzing
a luminance distribution in a projection area includ-
ed in the sensing region, based on the sensing in-
formation;
storage means for storing angle correction data in
which ratio of average luminance values for a plu-
rality of different regions in the projection area is as-
sociated with derivation coordinates for deriving co-
ordinates of the projection area, and also for storing
coordinate data indicating the derivation coordi-
nates for the projection area; and
image signal correction means for correcting image
signals based on the coordinate data so that a dis-
tortion in the projected image is corrected; and
image projection means for projecting an image
based on the corrected image signals,

wherein the luminance distribution analysis
means refers to the angle correction data depending on
the luminance distribution in the projection area to cor-
rect the derivation coordinates in the coordinate data
based on the angle correction data.
[0012] An image processing method according to an
even more further aspect of the present invention com-
prises:

sensing a sensing region onto which a predeter-
mined image is projected and outputting sensing in-
formation;
analyzing a luminance distribution in a projection ar-
ea included in the sensing region, based on the
sensing information;
referring angle correction data in which ratio of av-
erage luminance values for a plurality of different
regions in the projection area is associated with der-
ivation coordinates for deriving coordinates of the
projection area;
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correcting the derivation coordinates in coordinate
data indicating the derivation coordinates for the
projection area based on the angle correction data;
and
correcting image signals based on the coordinate
data so that a distortion in the projected image is
corrected.

[0013] In accordance with the present invention, the
image processing system and the like determine the dis-
tortion in the projection area based on the luminance
distribution. Thus, the image processing system and the
like can adequately determine any distortion in the im-
age even if it is difficult to determine the distortion in the
image from the shape thereof due to the fact that the
optical axis of a projected light is substantially the same
as the optical axis of the sensing means. Thus, the im-
age processing system and the like can correct the dis-
tortion in the projected image adequately and automat-
ically.
[0014] The image processing system and projector
may include ambient information analysis means for de-
termining the projection area and a screen region includ-
ed in the sensing region based on the luminance distri-
bution according to the sensing information when a rec-
tangular image is to be projected on a rectangular
screen, and for updating four derivation coordinates in
the coordinate data based on positional information of
each vertex in the determined projection area and
screen region and derivation coordinate information of
four comers in the screen region.
[0015] The image processing method may include:

determining the projection area and a screen region
included in the sensing region based on the lumi-
nance distribution according to the sensing informa-
tion when a rectangular image is to be projected on
a rectangular screen; and
updating four derivation coordinates in the coordi-
nate data based on positional information of each
vertex in the determined projection area and screen
region and derivation coordinate information of four
comers in the screen region.

[0016] In such a manner, the image processing sys-
tem and the like can adequately correct any distortion
in the image by using positional information for each ver-
tex in the rectangular screen region to update the four
derivation coordinates in the coordinate data.
[0017] The image processing system and projector
may include environment analysis means for determin-
ing a lighter state or a darker state based on the lumi-
nance information according to the sensing information,
the lighter state being a state lighter than a predeter-
mined state and the darker state being a state darker
than the predetermined state, and in the lighter state,
the ambient information analysis means may update the
derivation coordinates in the coordinate data, and in the

darker state, the luminance distribution analysis means
may update the derivation coordinates in the coordinate
data.
[0018] The image processing method may comprise:

determining a lighter state or a darker state based
on the luminance information according to the sens-
ing information;
in the lighter state, updating four derivation coordi-
nates in the coordinate data based on the positional
information and derivation coordinate information
for four comers in the screen region; and
in the darker state, analyzing the luminance distri-
bution in the projection area based on the sensing
information; referring to the angle correction data
depending on the luminance distribution in the pro-
jection area, and correcting the derivation coordi-
nates in the coordinate data based on the angle cor-
rection data.

[0019] Thus, the image processing system and the
like can automatically and adequately correct any dis-
tortion in the projected image by correcting the deriva-
tion coordinates in the coordinate data in a manner
which suits with the actual operating environment.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWING

[0020]

FIG. 1 shows an image which has a keystone dis-
tortion.
FIG. 2 shows an image which is sensed by a sensor
mounted in a projector.
FIG. 3 is a schematic diagram showing a difference
of brightness in an image.
FIG. 4 is a functional block diagram of a projector
according to one example of an embodiment of the
present invention.
FIG. 5A shows the contents of coordinate data be-
fore corrected, and FIG. 5B shows the contents of
coordinate data after corrected.
FIG. 6 shows the data structure of angle correction
data according to one example of this embodiment.
FIG. 7 is a hardware block diagram illustrating a pro-
jector according to one example of this embodi-
ment.
FIG. 8 is a flow chart illustrating a flow of image
processing according to one example of this em-
bodiment.
FIG. 9A is a schematic diagram of an image divided
into two in the vertical direction, and FIG. 9B is a
schematic diagram of an image divided into two in
the horizontal direction.
FIG. 10 is a schematic diagram showing an image
after its keystone distortion has been corrected ac-
cording to one example of this embodiment.
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FIG. 11 is a schematic diagram showing an image
after its keystone distortion has been corrected ac-
cording to another example of this embodiment.
FIG. 12 is a schematic diagram showing a corrected
image that had been rotated, according to one ex-
ample of this embodiment.

DETAILED DESCRIPTION OF THE EMBODIMENT

[0021] The present invention will now be described in
connection with an example in which the present inven-
tion is applied to a projector functioning as an image
processing system for correcting a keystone distortion
in a projected image and with reference to the accom-
panying drawing. In addition, an embodiment shown in
the following is not intended to limit the subject matter
of the invention as described in the accompanying
claims. All the components shown in such an embodi-
ment is not necessarily essential for practicing the in-
vention defined by the accompanying claims.

Entire System

[0022] FIG. 1 shows an image which has a keystone
distortion.
[0023] For example, if a projector 20, which is a kind
of image processing system, disposed leftward in front
of a rectangular screen 8 projects a rectangular image
without image correction, a projection area 12 will be in
the form of a trapezoid having its shortest left end and
its longest right end, as shown in FIG. 1.
[0024] In this embodiment, a sensor 30, which func-
tions as sensing means, senses a sensing region 14 in-
cluding the projection area 12 and a screen region 10.
[0025] FIG. 2 shows an image which is sensed by the
sensor 30 mounted in the projector 20.
[0026] For example, if the sensor 30 senses an image
with its optical axis approximately identical with the op-
tical axis of a lens in the projector 20, the sensed image
on a projection area 42 in the screen region 40 seems
to be a rectangular non-distorted image.
[0027] However, the projection area 12 is actually dis-
torted as viewed from the front of the screen 8, as shown
in FIG. 1.
[0028] This embodiment is designed to correct an im-
age according to a luminance distribution on the sensing
region 14.
[0029] FIG. 3 is a schematic diagram showing a dif-
ference of brightness in an image.
[0030] For example, if a monochromatic image is pro-
jected from the left and front side of the screen 8 as
shown in FIG. 1, the projection area 12 will have its left
side having the maximum luminance value and its right
side having the minimum luminance value.
[0031] This embodiment is designed to correct the im-
age depending on its distortion which is detected based
on the luminance distribution in the projection area 12.
Thus, the image distortion can adequately be detected,

even if the image is sensed by the sensor 30 with its
optical axis approximately identical with the optical axis
of the lens in the projector 20.

Functional Blocks

[0032] Next, the functional blocks in the projector 20
for implementing such a function are explained.
[0033] FIG. 4 is a functional block diagram of a pro-
jector 20 according to one example of this embodiment.
[0034] The projector 20 comprises a signal input sec-
tion 110, a storage section 120, a distortion correction
section 130, a signal output section 140, an image gen-
erating section 150, a luminance-distribution analyzing
section 160, an ambient-information analyzing section
170, an environment analyzing section 180 and an im-
age projecting section 190.
[0035] The sensor 30 comprises an area sensor sec-
tion 182.
[0036] The signal input section 110 is operative to
transform an analog image signal inputted from PC
(Personal Computer) or the like into a digital image sig-
nal.
[0037] The storage section 120 has stored a coordi-
nate table 122 indicating derivation coordinates for de-
riving the coordinates of the projection area 12 and an
angle correction table 124 in which the ratio of average
luminance values for a plurality of different parts in the
projection area 12 is associated with the derivation co-
ordinates of the projection area 12. The derivation co-
ordinates may include, for example, coordinates in the
coordinate axis of a liquid crystal light valve, coordinates
in the coordinate axis of a projected image and absolute
coordinates in three axes or X, Y and Z axes.
[0038] The data structures and contents in the coor-
dinate table 122 and angle correction table 124 will be
described below.
[0039] FIG. 5A are a view illustrating the contents of
coordinate data 122 before corrected. FIG. 5B shows
the contents of coordinate data 122 after corrected. FIG.
6 shows the data structure of the angle correction table
124 according to one example of this embodiment.
[0040] As shown in FIGs. 5A and 5B, the coordinate
table 122 has coordinates in x and y axes for deriving
four comers A, B, C and D or A', B', C' and D' in the
projection area 12.
[0041] In the angle correction table 124, a ratio RH of
average luminance values between two parts provided
by horizontally dividing the projection area 12 and a ratio
RV of average luminance values between two parts pro-
vided by vertically dividing the projection area 12 are
respectively associated with derivation coordinates cor-
responding to the derivation coordinates in the coordi-
nate table 122, as shown in FIG. 6. Thus, the projector
20 can uniformly determine the derivation coordinates
by determining these ratios RH and RV.
[0042] The distortion correction section 130, which
functions as image signal correction means, is operative
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to store image signals inputted from the image signal
input section 110 and corresponding to one image and
to correct the image signals based on the coordinate ta-
ble 122 so that any distortion in the projected image can
be corrected (or resized).
[0043] The concrete distortion correction technique
may include a technique of correcting a distortion, for
example, through the conventional perspective defor-
mation.
[0044] The image generating section 150 is operative
to generate image signals used to project a calibration
image such as an all-black image (a monochromatic
black image) or an all-white image (a monochromatic
white image, these image signals being then outputted
toward the signal output section 140.
[0045] In such a manner, the projector 20 can solely
perform the calibration without need of calibration sig-
nals inputted from any external input device such as PC
or the like into the projector 20 since the calibration im-
age signals are internally generated within the projector
20. The image generating section 150 may be omitted
if the calibration image signals can be inputted directly
into the projector from the PC or the like.
[0046] The signal output section 140 is operative to
receive the image signals corrected by the distortion
correction section 130 and the calibration image signals
from the image generating section 150 and to output
these image signals toward the image projecting section
190 after they have been converted into analog image
signals.
[0047] If the projector 20 uses only digital R, G and B
signals, the A/D conversion at the signal input section
110 and the D/A conversion at the signal output section
140 may be omitted.
[0048] The image projecting section 190 comprises a
spatial light modulator 192, a drive section 194 for driv-
ing the spatial light modulator 192, a light source 196
and a lens 198.
[0049] The drive section 194 is operative to drive the
spatial light modulator 192 based on the image signals
from the signal output section 140. And, the image pro-
jecting unit 190 projects the light from the light source
196S through the spatial light modulator 192 and lens
198.
[0050] The light source 196 may be any one of various
light sources such as a point light source, surface light
source and the like.
[0051] The environment analyzing section 180 ac-
cording to this embodiment is operative to judge wheth-
er the environment is lighter or darker than a predeter-
mined state, based on luminance information in the
sensing information from the area sensor section 182.
[0052] For example, if an average luminance value Y
is determined by: 0.3 * R-signal value + 0.6 * G-signal
value + 0.1 * B-signal value, it may be judged whether
the environment is lighter or darker about a threshold
value at which the average luminance value Y is equal
about 60. This threshold is actually variable depending

on the setting of the sensor 80 or the sensing region 14.
[0053] For the lighter state, the ambient-information
analyzing section 170 updates the derivation coordi-
nates in the coordinate table 122. For the darker state,
the luminance-distribution analyzing section 160 up-
dates the derivation coordinates in the coordinate table
122.
[0054] Hardware structure for implementing each part
of the aforementioned projector 20 may be as follows.
[0055] FIG. 7 is a hardware block diagram illustrating
a projector 20 according to one example of this embod-
iment.
[0056] For example, the signal input section 110 may
be implemented by an A/D converter 930 or the like; the
storage section 120 may be implemented by RAM 950
or the like; the distortion correction section 130, image
generating section 150, luminance-distribution analyz-
ing section 160, ambient-information analyzing section
170 and environment analyzing section 180 may be im-
plemented by an image processing circuit 970, RAM
950, CPU 910 and the like, respectively; the signal out-
put section 140 may be implemented by a D/A converter
940 or the like; and the spatial light modulator 192 may
be implemented by a liquid crystal panel 920, ROM 960
for storing a liquid crystal light valve driver for driving the
liquid crystal panel 920 or the like.
[0057] These sections can be configured to mutually
deliver the information therebetween through a system
bus 980.
[0058] The area sensor section 182 may be imple-
mented by CCD sensor or the like.
[0059] These sections and portions may be imple-
mented in a hardware manner or in a software manner
such as drivers.
[0060] Furthermore, the functions of the luminance-
distribution analyzing section 160 and others may be im-
plemented by a computer according to a program read
out from an information storage medium 900, which pro-
gram is designed to cause the computer to function as
the luminance-distribution analyzing section 160 and
others.
[0061] Such an information storage medium 900 may
be accomplished, for example, by CD-ROM,
DVD-ROM, ROM, RAM, HDD or the like through either
of the contact or non-contact type reading mode.
[0062] Rather than the information storage medium
900, the aforementioned functions can be implemented
by downloading a program or the like for implementing
them from a host device or the like through a transmis-
sion channel.

Flow of Image Processing

[0063] Next, the flow of image processing by use of
these parts will be explained.
[0064] FIG. 8 is a flow chart illustrating a flow of image
processing according to one example of this embodi-
ment.
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[0065] After the projector 20 has been activated, the
image generating section 150 generates image signals
used to project an all-black calibration image and an all-
white calibration image, these image signals being then
transferred to the image projecting section 190 through
the signal output section 140.
[0066] The image projecting section 190 then projects
the all-black image and all-white image onto the screen
8 based on the image signals. As each of the calibration
images is projected onto the screen 8, the area sensor
section 182 senses the sensing region 14 including the
screen region 10 and the projection area 12 (step S1).
[0067] The area sensor section 182 then transfers the
imaging information of all-black and all-white images to
the environment analyzing section 180.
[0068] The environment analyzing section 180 gener-
ates the difference information provided by subtracting
the imaging information of the all-black image from the
imaging information of the all-white image and detects
the amount of changed luminance based on the differ-
ence information. And, the environment analyzing sec-
tion 180 discriminates the projection area 12 included
in the sensing region 14, based on the detected amount
of changed luminance.
[0069] The environment analyzing section 180 then
compares the average luminance value in the projection
area 12 with a threshold to judge whether the environ-
ment is lighter or darker than a predetermined state
(step S2).
[0070] If the environment analyzing section 180 judg-
es that the average luminance value in the projection
area 12 is darker than the threshold, the environment
analyzing section 180 then transfers the imaging infor-
mation of the all-black and all-white images and the co-
ordinate information of the projection area 12 toward the
luminance-distribution analyzing section 160.
[0071] The luminance-distribution analyzing section
160 computes the average luminance value between
the divided image parts and then the ratio of average
luminance value between the respective image parts.
[0072] FIG. 9A is a schematic diagram of an image
divided into two in the vertical direction and FIG. 9B is
a schematic diagram of an image divided into two in the
horizontal direction.
[0073] It is now assumed that the projection area 12
is divided into right and left parts and that the average
luminance value in the left part is YL while the average
luminance value in the right part is YR, as shown in fig-
ure 9A. It is further assumed that the projection area 12
is divided into upper and lower parts and that the aver-
age luminance value in the upper part is YT while the
average luminance value in the lower part is YB, as
shown in figure 9B.
[0074] The luminance-distribution analyzing section
160 determines that YR/YL is the horizontal ratio RH if
YR is equal to or higher than YL; that -(YL/YR) is RH if
YR is less than YL; that YT/YB is the vertical ratio RV if
YT is equal to or higher than YB; and that -(YB/YT) is

RV if YT is less than YB.
[0075] And, the luminance-distribution analyzing sec-
tion 160 refers to the angle correction table 124 to ac-
quire x and y values for four points A', B', C' and D' which
respectively indicate the derivation coordinates correct-
ed depending on the values RH and RV.
[0076] The luminance-distribution analyzing section
160 further writes the respective acquired x and y values
for the four points A', B', C' and D' into the coordinate
table 122 to update it.
[0077] As described, for the darker state, the lumi-
nance-distribution analyzing section 160 detects the po-
sitional relationship between the screen 8 and
projector20 based on the luminance gradient in the pro-
jection area 12 and corrects the coordinate table 122
based on the angle correction table 124 (step S3).
[0078] If the environment analyzing section 180 judg-
es that the average luminance value in the projection
area 12 is lighter than the threshold, the environment
analyzing section 180 then transfers the imaging infor-
mation of the all-black and all-white images and the co-
ordinate information of the projection area 12 toward the
ambient-information analyzing section 170.
[0079] The ambient-information analyzing section
170 detects the coordinate information in the screen re-
gion 10 based on the luminance distribution from the im-
aging information of the all-black image.
[0080] If the screen region 10 is completely included
in the projection area 12, the ambient-information ana-
lyzing section 170 corrects the coordinate table 122 us-
ing the coordinates for four comers in the screen region
10 and based on the coordinate information of the pro-
jection area 12 and the coordinate information of the
screen region 10.
[0081] If the screen region 10 is not completely includ-
ed in the projection area 12, the ambient-information an-
alyzing section 170 sets a rectangle consisted of four
comer coordinates in the screen region 10 and reduces
and translates the rectangle such that the rectangle is
completely included in the interior of the projection area
12, as shown in FIG. 11. The ambient-information ana-
lyzing section 170 then corrects the coordinate table 122
using the four comer coordinates at a point of time when
the rectangle is completely included in the projection ar-
ea 12.
[0082] The portion of the projection area 12 which has
been hidden through these procedures may display an
image having a color (e.g., black) identical with that of
the screen region 10.
[0083] As described, for the lighter state, the ambient-
information analyzing section 170 corrects the coordi-
nate table 122 to match the configuration of the projec-
tion area 12 to the screen region 10 (step S4).
[0084] The distortion correction section 130 then cor-
rects the image signals to correct the distortion of the
image based on the four-comer coordinate deriving in-
formation included in the coordinate table 122 which has
been corrected by the luminance-distribution analyzing

9 10
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section 160 or ambient-information analyzing section
170 (step S5).
[0085] The image projecting section 190 then projects
an image based on the corrected image signals (step
S6).
[0086] Through the above-mentioned procedure, the
projector 20 projects the image in which any keystone
distortion has been corrected.
[0087] FIG. 10 is diagrammatic view showing an im-
age after its keystone distortion has been corrected ac-
cording to one example of this embodiment.
[0088] For example, before the projection area 12 is
corrected, it may be in the form of such a trapezoid as
shown by a tetragon ABCD. However, the projector 20
can form a projection area 13 into such a rectangular
shape as shown by A'B'C'D', by correcting the image
signals.
[0089] As described, according to this embodiment,
the projector 20 can determine a distortion in the pro-
jection area 12 based on the distribution of luminance
value. Thus, the projector 20 can adequately discrimi-
nate the image distortion even in such a case that it is
difficult to discriminate the distortion from the shape of
the sensed image since the optical axes of the lens 198
and sensor 30 are identical with each other. Thus, the
distortion in the projected image can be corrected auto-
matically and adequately. A sensor having its lower res-
olution can be applied as the sensor 30 since it is not
necessary to exactly determine the shape of the projec-
tion area 12 and since only the luminance distribution in
the projection area 12 is required.
[0090] According to this embodiment, the image dis-
tortion can adequately be corrected by discriminating
whether the environment is lighter or darker. If it is diffi-
cult to discriminate any change in the luminance value,
such correction can be accomplished by updating four
derivation coordinates in the coordinate data 122 using
the positional information relating to the respective ver-
texes on the screen region 10. Thus, the projector 20
can be applied in various kinds of operating environ-
ments.

Modifications

[0091] Although the preferred embodiment of the
present invention has been described, the present in-
vention is not limited to the aforementioned forms.
[0092] Although the embodiment has been described
as to the keystone distortion in the projection area 12,
the projector 20 can correct the image even if the dis-
tortion on the projection area 12 is due to rotation.
[0093] FIG. 12 is diagrammatic view illustrating a cor-
rected image which had been rotated according to one
example of this embodiment.
[0094] In this case, the ambient-information analyzing
section 170 sets a rectangle comprising coordinates for
four comers on the screen region 10, and reduces and
translates the rectangle so that it is completely included

in the interior of the projection area 12. The ambient-
information analyzing section 170 then corrects the co-
ordinate table 122 using the four comer coordinates at
a point of time when the rectangle is completely included
in the projection area 12.
[0095] Moreover, an inclination or gravity sensor may
be mounted in the projector 20 such that the vertical dis-
tortion in a trapezoid can be corrected by such a sensor
while the horizontal distortion in the trapezoid can be
corrected based on the sensing information from the
sensor 30.
[0096] If a lens 198 has a zooming function, the pro-
jector 20 may acquire information relating to the zoom-
ing (e.g., numerical values as represented by zero at the
maximum telescopic sight and by one at the maximum
pantoscopic sight) and then correct the keystone distor-
tion based on this information.
[0097] Thus, the keystone distortion can be corrected
automatically and adequately even if the telescopic or
pantoscopic function is to be used.
[0098] Although the embodiment has been described
as to the projection area 12 divided into two vertical or
horizontal regions by the projector 20 as shown in FIGs.
9A and 9B, the projection area 12 may be divided into
plural regions other than two (e.g., four, nine or others).
In this case, the projector 20 may determine the average
luminance value for each of the divided regions for im-
age processing.
[0099] Although the embodiment has been described
as to the angle correction table 124 that causes the ratio
of average luminance between the different regions in
the projection area 12 to be associated with the deriva-
tion coordinates in the projection area 12, the ratio of
average luminance value may be replaced by a differ-
ential value in the average luminance value.
[0100] Although the embodiment has been described
as to the all-white and black calibration images, the
present invention is not limited to such calibration imag-
es and can be applied to any of various kinds of calibra-
tion images.
[0101] Although the embodiment has been described
as to the projector 20 functioning as an image process-
ing system, the present invention is effectively applied
to any one of various front-projection type image display
devices other than the projector 20.
[0102] The projector 20 may be a liquid crystal pro-
jector or a projector using DMD (Digital Micromirror De-
vice). DMD is a trademark possessed by the U. S. Texas
Instruments.
[0103] In addition, the function of the projector 20 may
be accomplished solely by the projector 20 or by a plu-
rality of decentralized processing units (e.g., one pro-
jector and one PC).
[0104] Furthermore, the projector 20 may be separat-
ed from the sensor 30 or they may be formed as one unit.
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Claims

1. An image processing system comprising:

sensing means for sensing a sensing region
onto which a predetermined image is projected
and for outputting sensing information;
luminance distribution analysis means for ana-
lyzing a luminance distribution in a projection
area included in the sensing region, based on
the sensing information;
storage means for storing angle correction data
in which ratio of average luminance values for
a plurality of different regions in the projection
area is associated with derivation coordinates
for deriving coordinates of the projection area,
and also for storing coordinate data indicating
the derivation coordinates for the projection ar-
ea; and
image signal correction means for correcting
image signals based on the coordinate data so
that a distortion in the projected image is cor-
rected,

wherein the luminance distribution analysis
means refers to the angle correction data depend-
ing on the luminance distribution in the projection
area to correct the derivation coordinates in the co-
ordinate data based on the angle correction data.

2. The image processing system as defined in claim
1, further comprising:

ambient information analysis means for deter-
mining the projection area and a screen region
included in the sensing region based on the lu-
minance distribution according to the sensing
information when a rectangular image is to be
projected on a rectangular screen, and for up-
dating four derivation coordinates in the coor-
dinate data based on positional information of
each vertex in the determined projection area
and screen region and derivation coordinate in-
formation of four comers in the screen region.

3. The image processing system as defined in claim
2, further comprising:

environment analysis means for determining a
lighter state or a darker state based on the lu-
minance information according to the sensing
information, the lighter state being a state light-
er than a predetermined state and the darker
state being a state darker than the predeter-
mined state,

wherein in the lighter state, the ambient infor-
mation analysis means updates the derivation co-

ordinates in the coordinate data, and in the darker
state, the luminance distribution analysis means
updates the derivation coordinates in the coordi-
nate data.

4. A projector comprising:

sensing means for sensing a sensing region
onto which a predetermined image is projected
and for outputting sensing information;
luminance distribution analysis means for ana-
lyzing a luminance distribution in a projection
area included in the sensing region, based on
the sensing information;
storage means for storing angle correction data
in which ratio of average luminance values for
a plurality of different regions in the projection
area is associated with derivation coordinates
for deriving coordinates of the projection area,
and also for storing coordinate data indicating
the derivation coordinates for the projection ar-
ea; and
image signal correction means for correcting
image signals based on the coordinate data so
that a distortion in the projected image is cor-
rected; and
image projection means for projecting an image
based on the corrected image signals,

wherein the luminance distribution analysis
means refers to the angle correction data depend-
ing on the luminance distribution in the projection
area to correct the derivation coordinates in the co-
ordinate data based on the angle correction data.

5. An image processing method comprising:

sensing a sensing region onto which a prede-
termined image is projected and outputting
sensing information;
analyzing a luminance distribution in a projec-
tion area included in the sensing region, based
on the sensing information;
referring angle correction data in which ratio of
average luminance values for a plurality of dif-
ferent regions in the projection area is associ-
ated with derivation coordinates for deriving co-
ordinates of the projection area;
correcting the derivation coordinates in coordi-
nate data indicating the derivation coordinates
for the projection area based on the angle cor-
rection data; and
correcting image signals based on the coordi-
nate data so that a distortion in the projected
image is corrected.

6. The image processing method as defined in claim
5, further comprising:
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determining the projection area and a screen
region included in the sensing region based on
the luminance distribution according to the
sensing information when a rectangular image
is to be projected on a rectangular screen; and
updating four derivation coordinates in the co-
ordinate data based on positional information
of each vertex in the determined projection area
and screen region and derivation coordinate in-
formation of four comers in the screen region.

7. The image processing method as defined in claim
6, further comprising:

determining a lighter state or a darker state
based on the luminance information according
to the sensing information;
in the lighter state, updating four derivation co-
ordinates in the coordinate data based on the
positional information and derivation coordi-
nate information for four comers in the screen
region; and
in the darker state, analyzing the luminance dis-
tribution in the projection area based on the
sensing information; referring to the angle cor-
rection data depending on the luminance distri-
bution in the projection area, and correcting the
derivation coordinates in the coordinate data
based on the angle correction data.
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